Congenital closed spinal anomalies are associated with distortion of the spinal cord, the spinal nerve roots or both, and can result in neurological abnormalities of the lower limbs and neuropathic bladder dysfunction. This study reports clinical and videourodynamic findings in a group of 51 patients with closed spina bifida. The mean age at presentation to a specialist neurourological clinic was 3.3 years. Twenty five patients presented with urinary tract disturbance and 12 presented with neurological problems. Thirty three had normal neurological examination or only minor objective signs, 21 had normal renal tract ultrasonography but only two patients had normal videourodynamics, with 31 having two or more abnormalities during this assessment. Neither clinical neurological assessment nor the history of voiding behaviour are reliable indicators of bladder dysfunction and subsequent risk of renal damage. Therefore, all patients with a known or suspected diagnosis of closed spina bifida should have videourodynamic assessment.
Closed spina bifida (a skin covered congenital cord fusion defect) consists of a heterogeneous group of developmental anomalies that include meningocele, lipomeningocele, primary tethered cord, diastematomyelia, intradural lipoma, dermoid cyst, syrinx, and sacral agenesis.
1 These abnormalities result in distortion of the developing neural tissues, with subsequent damage of the spinal cord and/or nerve roots, and should be diVerentiated from simple failure of fusion of the vertebral arches of L5 and S1 in the normal population, which is not associated with spinal cord pathology.
1 Pathological closed spinal defects may be heralded at birth by a skin lesion, such as a lipoma, hairy tuft, or naevus overlying the spine, or a limb deformity resulting from the neurological abnormality. However, it might not be recognised until the onset of urinary incontinence, urinary tract infections (UTIs), or orthopaedic problems in later childhood when there has been growth of the spine or increased mobility. Often, there is no clinical neurological abnormality or only a minor deficit, which has not been recognised by the parents or the child. The mechanism for deterioration with age is unclear, but it is suggested that growth with the cord pathologically attached within the spinal column might cause ischaemic spinal cord damage. 2 The resultant neuropathic bladder problems may directly cause injury to the kidneys. [3] [4] [5] [6] Therefore, our study describes the neurourological problems seen at presentation of children with closed spinal defects who were referred to a specialist paediatric neurourology centre. Videourodynamic studies form part of the routine investigation of these patients and our findings highlight the range and severity of the renal and bladder dysfunction at presentation in this predominantly ambulant population.
Methods
Children with closed spina bifida who were investigated between 1976 and 1995 at the paediatric neurourology clinic at Guy's Hospital, London were the basis of this study. Their notes were reviewed to describe their neurological, orthopaedic, and urological problems when they first presented. All patients underwent routine assessment of the urinary tract, including a full history with particular attention to bladder habit and any history of UTI. Videourodynamic assessment of the bladder and urethra, using standard techniques, and premicturation and postmicturition renal tract ultrasound scans were performed in each case. 7 8 Bladder compliance (filling volume in millilitres divided by the end filling detrusor pressure), detrusor hyperreflexia (involuntary contractions during bladder filling in the presence of a known neurological disorder), distal urethral sphincter activity, and the presence of vesicoureteric reflux were assessed during videourodynamic testing. Such studies have been performed on children in this hospital for the past 19 years and the reproducibility of the technique has been well established. 9 10 Dimercaptosuccinic acid scans were performed in cases with a history of UTI to detect renal scars. The level and nature of the spinal lesion was defined by spinal radiography and magnetic resonance imaging (MRI), or spinal myelography in earlier cases.
Results

REASONS FOR REFERRAL
Fifty one patients (32 girls, 19 boys) with closed spina bifida were identified. The age range at referral was 6 months to 10 years (mean, 3.3 years; median, 3). These patients were referred for a variety of reasons. Most had urinary tract problems (17 were incontinent, six had recurrent UTIs, and two had abnormal renal tract investigations at other hospitals).
One patient was referred for investigation of faecal incontinence, five for videourodynamic assessment following spinal surgery, and eight for further investigation after discovery of a dermatological abnormality overlying their lower spine. Twelve were referred as a result of neurological deterioration and one with delay in development of motor milestones. Seven of these patients were referred following spinal surgery without preoperative videourodynamic assessment.
CLINICAL FINDINGS
Eleven patients had no cutaneous stigmata of closed spina bifida on their backs, but 27 patients had a swelling (15 were lipomas), four had a hairy tuft and dimple, three each had either a naevus or a scar, one had a sacral pit. Thus, 38 of 51 patients had a visual sign identifiable at birth. The nature of the pathological abnormalities is described in table 1 and the spinal level involved is shown in fig 1. Two patients had hydrocephalus, of whom one had required ventriculoperitoneal shunting before referral.
At the time of referral, 18 of these patients had normal intellectual development and attended mainstream schools, four attended special needs schools (two of these patients had Down's syndrome), and of the 29 patients who were preschool, none had special educational needs. Thirty seven patients had normal mobility without any orthopaedic aids, 13 required assistance in the form of ankle foot orthoses, and only one was wheelchair bound. At presentation, the neurological examination was entirely normal in eight patients, and 25 had only minor objective motor or sensory signs, such as abnormal reflexes, muscle wasting, or reduced power. Talipes equinovarus was present at birth in six cases; one patient was born with arthrogryposis. Ten patients developed neurological problems in later childhood; four with unilateral lower limb shortening, five with pes cavus, and one with footdrop. Two patients had scoliosis in addition to their other abnormal clinical findings.
At referral, only four patients had normal urinary and faecal continence after toilet training and on detailed questioning one of these patients had had a UTI. Seventeen patients were still in nappies, appropriately for their age, and there was no observed abnormality in their bladder habit. However, three of these patients were constipated and eight had suVered UTIs. At the time of first presentation, 30 patients had abnormal bladder habit, 25 were incontinent, three were dry but had urge and frequency, and two had urinary retention. Of these 30 children with abnormal voiding behaviour, 13 were constipated, four had faecal incontinence, and 19 had suVered at least one UTI (table 2) . INVESTIGATION 
FINDINGS
At the time of referral, 21 patients had normal ultrasonography of the renal tract, while 14 showed evidence of dilated upper renal tracts, six showed residual volume postmicturition, six had thick walled bladders, two had a unilateral small kidney, and one patient had renal scars. At presentation, the dimercaptosuccinic acid isotope scans revealed that 12 patients already had renal scars (eight unilateral and four bilateral) while 19 had normal examinations.
VIDEOURODYNAMIC FINDINGS
Compliance (filling volume in millilitres divided by the end filling detrusor pressure) was decreased in 21 patients in our group. Detrusor sphincter dyssynergia (detrusor contraction concurrent with involuntary contraction of the external urethral sphincter) was seen in 22 patients, and a fixed (non-relaxing) distal sphincter was present in a further five cases. Vesicoureteric reflux was demonstrated in 13 patients. Forty two patients had detrusor hyperreflexia (involuntary contractions during bladder filling in the presence of a known neurological disorder) and 35 patients failed to empty their bladders fully. The results for the above criteria are compared with the reported 
Discussion
Normal bladder function relies on complex neurophysiological interactions between sacral spinal nerves and the cerebral cortex. Congenital spinal abnormalities interfere with this system and can result in bladder dysfunction in addition to lower limb neurological abnormalities. Closed spina bifida refers to skin covered congenital cord fusion defects and includes a number of discrete pathological entities. These result in similar clinical syndromes with diVerent degrees of bladder dysfunction and neurological deficit. Any congenital intraspinal abnormality can result in tethering, a pathological fixation of the spinal cord within the spinal canal, which interferes with the normal postnatal ascent of the conus medullaris, most significantly in the first few months of life. This can result in ischaemic damage to the spinal cord with subsequent neurourological and neurological dysfunction. The clinical picture depends on the level of the lesion more than its exact nature, with sacral lesions being compatible with excellent mobility but severe bladder dysfunction. 4 11 12 Our patients had predominantly low spinal lesions with 43 being lumbar and/or sacral. Only nine children in this group were diagnosed in the first year of life and only one was diagnosed immediately after birth. As a result of normal or near normal mobility and the difficulty in recognising bladder dysfunction before toilet training, referral was not made until after 3 years of age in half of these cases, and in some the diagnosis of spina bifida had not yet been made. Urinary incontinence and UTIs were the most frequent reason for referral but in about one quarter of the children a deterioration in neurological status brought the patient to medical attention.
All patients were ambulant except one and only a quarter required orthopaedic aids in the form of ankle foot orthoses. Only four children had special educational needs and of these two had Down's syndrome. Detailed neurological examination was entirely normal in eight patients and revealed only minor abnormalities in a further 25 patients, which were not associated with any subjective deficit. This is consistent with most of the defects being low lying because sacral lesions produce few neurological findings in the lower extremities. Bladder function, which is controlled intricately by sacral nerves, may be the first sign of these low spinal cord abnormalities. 13 Indeed, more than half of our patients had abnormal voiding behaviour at the time of presentation but a further third of the patients had not started toilet training and only two patients had completely normal videourodynamic studies (one 2 year old who was trained and a 6 month old). The videourodynamics in the rest of the group demonstrated that these children with closed spinal defects suVer the full spectrum of lower urinary tract dysfunction seen in children with open spina bifida, despite their good mobility. This demonstrates that neither the history of voiding habits nor the neurological examination are reliable indicators of bladder dysfunction, which is consistent with the findings of Mevorach et al and Dator et al in children with myelomeningocele. 4 11 In particular, one cannot be reassured by a normal neurological clinical examination; in our series only one child of the eight with normal neurology had a normal videourodynamic study, although three others reported normal voiding patterns.
The predictive value of videourodynamic studies is now well established. [14] [15] [16] [17] The factors associated with upper tract deterioration are vesicoureteric reflux, high intravesical pressures (because of poor bladder wall compliance or detrusor muscle hyperreflexia), and detrusor sphincter dyssynergia, particularly if they occur together or in the presence of infected urine. 9 14 15 18 The presence of residual urine after incomplete bladder emptying increases the risk of UTI. An American group have used these features, which are all measured during videourodynamic studies, to design an objec- 2  1  2  0  1  3  0  2  1  0  1  2  Retention  1  1  1  1  0  2  0  0  2  0  1  1  Nappies  9  8  10  0  7  13  4  6  11  2  4  10  Dry  3  1  3  1  0  4  0  4  0  1  2  1  Total  30  21  23  6  22  38  13  16  35  8  16  26 VU, vesicoureteric; DSD, detrusor sphincter dyssynergia.
tive scoring system, the hostility score, to quantify the risk to the kidneys of lower urinary tract dysfunction. 15 In addition, Steinhardt et al found consistent and significant decreases in glomerular filtration rate at high bladder pressures in five myelodysplasic patients. 19 Therefore, videourodynamic studies provide a useful objective measurement of bladder and urethral function, which can assess the potential risk of renal damage and allow comparison with future studies of the same patient to monitor the eVect of treatment. They are a sensitive indicator of change and can detect deterioration early, often before any change in clinical neurological or bladder status.
The patients in our study had significant abnormalities found on videourodynamic testing at presentation: 13 had vesicoureteric reflux, 42 had detrusor hyperreflexia, and 22 had detrusor sphincter dyssynergia with a further six having non-relaxing distal sphincters. Thirty one patients had a combination of at least two of these abnormalities, making their bladders dangerous in terms of the potential risk of renal damage. This is reflected in the high incidence of renal scarring at presentation. All of these children with renal scars had suVered at least one UTI, underlining the importance of preventing UTI in children with dangerous neuropathic bladders to prevent the morbidity associated with renal scarring. Upper urinary tract involvement and renal impairment may already be present at the time the first bladder problem is manifest, which makes early diagnosis of the spinal defect and subsequent videourodynamic assessment extremely important. 3 There has been some debate over the timing of initial videourodynamic studies and the predictive value of performing these in infancy.
Bauer et al reported a study of 36 infants, 18 with detrusor sphincter dyssynergia, of whom 13 later developed hydronephrosis. This occurred in only one of the nine with no sphincter activity. 20 The hydronephroses of these aVected infants were managed successfully by vesicostomy or clean intermittent catheterisation which ensured regular bladder emptying. Other reports confirm the finding that raised intravesical pressure and detrusor sphincter dyssynergia detected in infancy is associated, as in older children, with a significant risk of developing upper renal tract changes. 17 21 When closed spina bifida is diagnosed, videourodynamics should be performed so that bladder problems and their potential for renal damage can be identified as early as possible. 8 Renal ultrasound scanning and micturating cystography are helpful investigations but cannot exclude severe bladder pathology and do not measure intravesical pressure, so are no substitute for videourodynamic studies. In this study, where most of patients had at least one abnormality on videourodynamic testing, less than half were reported to have a normal renal ultrasound scan.
Thus, optimum management requires early diagnosis of the spinal abnormality, which may be aided in the neonatal period by an overlying cutaneous lesion or a lower limb orthopaedic abnormality. Our study confirms that the diagnosis is often missed in newborns who do not present until urinary incontinence, failure of toilet training, UTI or orthopaedic problems supervene in later childhood. Once the diagnosis is suspected, these patients should receive the same urgent attention as children diagnosed in the neonatal period. Talipes equinovarus was present in six of our patients, but led to neonatal diagnosis of spina bifida in only one child, the other five children undergoing treatment of their talipes without the underlying diagnosis being made. Spinal ultrasound in the neonatal period can be helpful in diagnosis, but MRI scanning is recommended to detail the spinal pathology. 22 MRI serves not only to diagnose but also provides a baseline for future comparison in cases where tethering, or pathological fixation within the spinal canal of the spinal cord is suspected. 23 Spinal cord imaging should be accompanied by urine culture, premicturation and postmicturition ultrasound imaging of the renal tract, and referral for neurourological assessment, including videourodynamic testing.
The natural history of the neurourology of closed spina bifida necessitates continued surveillance of all children aVected, as relatively safe bladders can deteriorate and become a danger to the kidneys. Lais et al followed 148 children with myelomeningocele and 40% showed evidence of deterioration during the first two years of life when growth is at its most rapid. 24 Some studies of "occult" spinal defects are misleading, in that they suggest a significant chance of stability and even improvement in some cases. 6 25 26 These studies include many individuals with simple failure of fusion of the vertebral arches of L5 and S1, which has been found on plain radiograph in children with enuresis. However, this is a normal variant found in up to 10% of the normal population. 15 Most authors recommend serial screening with videourodynamics, but some studies have also used electrophysiological testing to demonstrate the natural progression of neurourological dysfunction in closed spina bifida. 13 Keating and colleagues 27 and Satar and colleagues 28 report series of closed spinal defects presenting at various ages. Both authors conclude that the neurourology is variable, progressive (in that older patients present with more severe bladder dysfunction), but might be reversible, although this reversibility diminishes with age. These facts underlie the recommendation of early referral to a specialist paediatric neurourology centre for thorough investigation. Clinical, radiological, and videourodynamic assessments are then performed to define the neurourological pathophysiology and provide a guide for management and a baseline for future comparison. 13 Although incontinence is a major social handicap, the danger to the kidneys of neuropathic vesicourethral dysfunction is of crucial importance. Therefore, the aims of management are: (1) to preserve normal renal function and prevent damage to the kidneys, (2) to achieve urinary and faecal continence, and (3) to allow the patient to lead an independent life and develop a sense of self esteem.
1 8 Videourodynamics enable management to be tailored to each individual's needs. Clean intermittent catheterisation, to ensure regular bladder emptying, is the mainstay of the treatment of patients with poorly emptying, high pressure bladders, and is combined with medical treatment as appropriate. Gerianotis et al have shown that this reduces the risk of upper urinary tract dysfunction in treated infants and children compared with those managed conservatively. 29 Neuropathological bowel disturbance is common in these patients and might provide a diagnostic clue; furthermore, adequate treatment improves the eYcacy of medical management of the bladder dysfunction.
1 The management of bowel disturbance can be challenging and it might be useful to involve a paediatric gastroenterologist. Prompt neurosurgery might prevent progression of the symptoms but, with a risk of neurourological deterioration, videourodynamic assessment should always be carried out postoperatively. 2 30 The results of surgery are variable, but some surgical series reported suggest a chance of recovery, and this eVect is more pronounced in younger patients and those with less delay in diagnosis from the onset of symptoms. 5 6 16 26 31 These series are small and the patients are highly selected, so the evidence is not yet conclusive, but it seems that the potential benefit for postsurgical improvement decreases with advancing age. 27 28 32 The debate over spinal surgery and its timing remains and the problem of late diagnosis and referral are still stumbling blocks in the management of these children.
Conclusions
The incidence and severity of bladder dysfunction in ambulant children with closed spina bifida is similar to that reported elsewhere in ambulant and non-ambulant children with open spina bifida. Patients with occult spinal defects present with highly dangerous bladders that place the kidneys at risk of irreversible damage. A quarter of cases in this study had renal scarring at presentation. Neither the clinical neurological deficit, which tends to be minor, nor the history of voiding habit are good indicators of the severity of bladder dysfunction. Clinical signs are often missed in the neonatal period, leading to late diagnosis. Early referral to a specialist paediatric neurourology centre is of vital importance for optimal management. Patients require thorough initial neurourological assessment including videourodynamics, preferably in infancy, and careful longitudinal follow up to monitor the natural pathophysiological progression throughout the period of growth. Videourodynamic studies should be performed as soon as the diagnosis of spina bifida is suspected, to define the bladder pathology and direct appropriate treatment. Management should aim to protect the kidneys from the abnormal bladder behaviour. Careful clinical management can minimise deterioration in renal function and enable these patients to lead a full life.
